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(57) Abstract 



The invention provides the use of an antigen which is a mucosally immunogenicaily active substance comprising the 50kD 
C fragment of tetanus toxin, an immunogenic fragment thereof, or a derivative thereof formed by amino acid deletion, substitu- 
tion or insertion for the manufacture of a vaccine composition for administration to a mucosal surface to induce an immune re- 
sponse in the mucosal surface against tetanus infection. The vaccina composition preferably contains the P.69 outer membrane 
protein of B.pertussis, and B.pertussis filamentous haemaglutinin. The invention also provides vaccine compositions per se and a 
method of treating tetanus and optionally whooping cough using the vaccine compositions. 
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Vaccine compositions for mucosal delivery 

The present invention relates to vaccine compositions 
for delivery to nnicosal surfaces, and to a method of 
inducing, in a mammal, an immune response to an antigen or 
a mixture of antigens by delivering the antigen or mixture 
of antigens to a mucosal surface of the mammal* 

More particularly, the present invention relates to 
vaccine compositions for inoculating a mammal such as a 
human against tetanus and B, pertussis infections. 

It has long been the practice of clinicians to 
immunise human infants against a variety of common 
diseases by means of mixed vaccines which are directed 
against a plurality of diseases. For example, multiple- 
component vaccine compositions directed against 
diphtheria, tetanus and whooping cough have been available 
for a considerable niimber of years. Such vaccines have 
hitherto been administered by Injection. The advantages 
of multiple-component vaccines are readily apparent in 
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that the patient (usually an infant) is subjected to a 
mach smaller number of potentially distressing injections 
than would otherwise he the case. 

The ma:>ority of infectious diseases are initiated by 
contact witb a mucosal surface, the infecting agent Ifiay 
remain at or within the mucous membranes during the course 
of the infection or may penetrate into the body and 
localise at other sites. The importance of the mncous 
nembranes in the first line of defence against infectious 
disease can be gleaned from the fact that 90% of tiie 
lymphocytes of the body underlie such surfaces: Priming 
mucosal surfaces by immunisation so l^at they respond 
vigorously and effectively control pathogenic organisms 
they encounter would be advantageous. Unfortunately 
traditional immunisation regimes are ineffective et. 
eliciting mucosal responses. -Che systemic and local 
(mucosal) immune systems appear to be compartmentalised 
and in general do not impinge on one another; that is 
parenteral immunisation with non-living vaccines 
stimulates mucosal iimmine responses weakly if at all. 
Mucosal inaminisation (oral or intranasal) can evoke serum 
t antibodies but this is usually less effective than 
parenteral immunisation. The imawnocytes of the different 
mucous membranes form a vast intercommunicating network, 
termed the common mucosal immune system, such that topical 
immunisation of one surface (e.g. the gastrointestinal 
tract) may lead to an immune response at that surface and 
also distance surfaces such as the respiratory tract. 
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Manclark and Shabin (US Paten-t application xxumber , 
07/532 327, filed 5 •6.90 - available through the US 
Department of Commerce, National Technical Xnformatioxi 
Service, Springfield, VA 22161, USA) - have described the 
intranasal and intraduodenal administration of filamentous 
hemagglutinin (FHA) obtained from Bofdetella pertussis and 
have illustrated that FHA is an effective mucosal 
Immunogen. Manclark and Shahin speculated in USSN 
07/532,327 that the 69-kD outer membrane protein (P69) of 
B^pertussis would also be an effective mucosal immunogen, 
but presented no experimental data to show that this was 
the case^ 

The fact that there are very few mucosal vaccines 
commercietlly available indicates that there are problems 
with developing such vaccines Many non-living soluble 
antigens, particularly those used traditionally by 
immunologists , such as ovalbumin (OVA) and Keyhole Limpet 
Haemocyanin (KLE), are poor mucosal immunogens. Large, 
doses of such antigens are necessary to induce any 
responses but large doses can also cause tolerance in the 
individual to subsequent parenteral exposure to antigen, a 
condition )mown as oral tolerance. Some microbial 
components such as the cholera toxin (CT) or E.coli heat- 
labile toxin (LT) or the non- toxic binding portions of 
these toxins (CT-B and LT-B) have been found to be potent 
iDucosal immunogens eliciting strong secretary and 
circulating antibodies, but the reason why such molecules 
are good mucosal immunogens has not yet been fully 
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elucidated. One ptap^ that may be important is the 
ability of these malecuies to bind to imicosal epithelial 
cells Via certain surface receptors, although it has been 
found in studies by others that there is not necessarily a 
correlation betwe^ the ^ility of an antigen to \,ind ^ 
eucaryotic ceils and its mucosal iminunogenicity. 

Thus, as far as ^fe are a«are, there is currently no 
of predicting with any certainty whether a given 
antigen will possess good mucosal immunogenicity. 

Ue have now found that certain molecules make 
excellent mucosal immunogens and such components c^ be 
utilised in the developm«it Of a mucosally tintranasally 
or orally) delivered vac«ne against the diseases whooping 
cough and tetanus. In particular, we have found that the 
P69 outer membrane protein {P69 - also known as pertactin) 
from B.t>ertussis and the non-tostic immunogenic 50Kd 
portion of tetanus toxin (C-Fragment) from C.tetanii are 
highly immunogenic when given intranasally. C-Fragment 
and P. 69 were generated h? Dm recombinant technology. 
Recombinant C-Fragment and P.63 produced from E^coli and 
yeast have been demonstrated to be immunogenic and 
protective in mice, see M.ltoberts etal. Recombinant 
P.69/pertactin: immunogenicity and protection of mice 
against x>.^^o-..-n. T>ertussis infection? ^Vaccine 10 , 43 
(1992); and see also H.F. Fairweather et al. Infection and 

Tmimmitv. 55, 2541 (19a7) . 
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la a first aspeet, -the invention provides the use o£ 
a mucosally inuBunogenically active substance comprising 
the 50kD C fragment of tetanus toxin, an immunogenic 
fragment thereof, or a derivative thereof formed by amino 
acid deletion, substitution or insertion, for tile 
iftanufacture of a vaccine coaiposition for immunising a 
patient against tetanus infection. 

In one particular embodiment of the invention, there 
is provided the use of a mixture of antigens for the 
manufacture of a vaccine composition for administration to 
a mucosal surface to induce an immune response in the 
mucosal surface against each of the said antigens, the 
mixture of antigens comprising: 

(a) a mucosally immunogenically active substance 
comprising the 50kD C fragment of tetanus toxin, an 
immunogenic fragment thereof, or a derivative thereof 
formed by amino acid deletion, substitution or insertion; 
and 

(b) a mucosally immunogenically active substance 
comprising the P. 69 outer mend>rane protein of B. pertussis ; 
an immunogenic fragment thereof, or a derivative thereof 
formed by amino acid deletion, substitution or insertion. 

In a preferred embodiment the invention provides the 
use of a mixture of antigens as hereinbefore defined hut 
wherein said mixture coi^prises in addition to (a) and <b); 

(c) a mucosally immunogenically active substance 
comprising B .pertussis fila m e n tous haemaglutinin, an 
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immunogenic fraginenl: thereofr or a derivative thereof 
formed by amino acid deletion^ siibstitution or insertion. 

In a further asi^ect^ the invwi,tion provides a vaccine 

- ■ •.■.^.kA..- 
composition for application to a mucosal surf ace, the 

composition comprising antigen Ca) or a mixture of 
antigens as hereinbefore defined and a pharmaceutically 
acceptable carrier. 

In another aspect thfe iitveaation,r provides a method of 
imnnmising a host such as a mammal^ (e.g. human) against 
infection^ which method comprises administering an 
effective amount of antigen (a), or a mixture of antigens 
as hereinbefore defined, directly to a mucosal surface in 
the host to Induce in said mucosal surface an immune 
response to each said a nti gen* 

The mucosal delivery compositions of titie present 
invention can be formulated^ for example, for delivery to 
one or more of the oral^ gastro-intestinal, and 
respiratory (e^g. nasal and bronchial) mucosa. 

Where the composition is intended for delivery to the 
respiratory (e.g. nasal or bronchial) mucosa, typically it 
is formulated as an aqueous solution for administration as 
an aerosol or nasal drops, or as a dry powdery e,g^ for 
inhalation^ 

Compositions for administration as nasal drops may 
contain one or more excipients of the typB usually 
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included in such compositions, for example i^reservatives, 
viscosity adjusting agents, tonicity cuijusting agents/, 
buffering agents and the like* 

The antigenic preparations of the present invent idn 
may also take the form of compositions intended to deliver 
the mixture of antigen to mucosal surfaces in the 
gastrointestinal tract* It is preferred that such 
compositions are provided with means for preventing 
degradation of the antigens by the gastric juices. For 
example, the cooipositions may take the form of capsules, 
e*g. microcapsules, in which the antigens are retained 
within a protective matrix or coating formed from an 
appropriate protective polymer such as a poly (glycolide), 
poly (lactide-co-glycolide), pplyacryl starch, or pH- 
dependent coatings such as the polyacrylates or 
hydroxypropylmethyl cellulose phthalate. 

The antigens may take the form of the tetanus toxin C 
fragment p^r se^ the P. 69 protein per se , or the 
B> pertussis haemaglutinin per se * Or it may take the form 
of a larger molecule containing one or more of the 
aforesaid antigens, imonsnogenically active fragments 
thereof, or derivatives formed by amino acid deletion, 
substitution and insertion, provided that the larger 
molecule is immunogenically active when administered 
directly to the mucosa* 

The antigen or mixture of antigens typically is 
selected such that it is non-toxic to a recipient thereof 
at concentrations employed to elicit an immune response. 
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In one embodiment;/ two. more of the antigens f orming 
the mixture may be presented in a siiigie molecule. Such a 
molecule may be prepared by recombinant methods by 
preparing a DN& construct containing genes coding for two 
or more of the antigens and expressing in a suitable fiosi; 
in accordance with known methods* 

The individual antigenic substances making up the 
coznpositions of the invention jfiay each also act as 
carriers far one or more other antigens. For example, an 
antigen such as the P. 69 outer membrane protein or C- 
Fragment may be coupled to another antigen, and examples 
of such "'other" antigens include Haemophilus group B and 
meningococcal polysaccharide antigens. 

In order to enhance the mucosal immwnogenicity of the 
mixture of antigens or any component antigen thereof or 
appropriate immunogenic fragments ttiereof / they may be. 
incorporated into appropriate carriers, for example 
virosomes, or the antigens or immunogenic fragments 
thereof may be expressed in suitable attenuated carrier 
strains of Salmonella. Immunogenicity may also be enhanced 
by incorporating appropriate mucosal adjuvants such as 
cholera toxin or E.coli heat-labile toxin, genetically 
detoxified variants thereof or their binding (BJ sub-units 
in the vaccine « 

The vaccine composition may optionally contain 
another mucosally immunogenically active portion of the 
tetanus toxin molecule^ In addition, the mixed vaccine 
may contain one or more furtier mucosally immunogenically 
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active antigens. 

In one embodiment^ the vaccine composition may, in 
addition to non- toxic immunogenic forms of tetanus toxin 
and pertussis antigens r contain non-toxic immunogenic 
forms of diphtheria toxin and immunogenxc forms of 
Haemophilus influenzae group B polysacchciride (HiB),* 
thereby providing a mucosal diphtheria-tetanus-pertussis 
(DTP) vaccine or DTPHiB vaccine* 

The P. 69 outer membrane protein of B, pertussis is a 
protein of approximately 61 KD molecular weight; see 
A.J.Hakoff et al ^ "Protective surface antigen P. 69 of 
Bordetella pertussis : its characteristics and very high 
level expression, in Escherichia coli ", Bio-Technology, 8^ 
1030 (1990). 

It can be prepared and isolated according to the 
method disclosed in P.Hovotny et al : The Journal of 
Infectious Diseases, 164, 114 (1991), or recombinant 
material prepared from E.coli by the method given in the 
article by A.J.Makoff et al referred to above. It can 
bind to eukaryotic cells. 

Purified B> pertussis filamentous haemaglutinin 
usually contains polypeptides of differing molecular 
weight ranging from 98-220 KD^ and can be isolated and 
purified from cell culture supematants of B. pertussis ^ 
for example as described in the article by P, Novotny et 
al referred to above. The filamentous haemaglutinin is 
able to bind to eukaryotic cells and cause 
haemaglutination of sheep erythrocytes. 
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Tlie C fragment of iretanus toxin is a peptide of 
approximately 50RI> moleealar weight which can be isolkted 
and purified from E>cali hy the method described in 
A^J.Malcoff at al > Bio/Technology ^ 7> 1043 (1989 J. Th6^ r 
fragment is characterised by an abilil? to bind the- 
eukaryotiG cells possessing the trisialogazxlioside GtIS 
and by an ability to eliclt^ protection in mice again^l: 
lethal challenge with tretanxis toxin* 

The antigenic molecules of the present invention can 
be prepared by isolation and pur:if ication frc»i thB 
organisms in which they occur naturally^ or they may be^ 
prepared by recombinant techniques and expressed in a 
suitable host such as E^ coli in known maimer* . When 
prepared by a recombinant method or by S3^thesis<c one or 
more insertions, deletions , inversions or siibstitutimis of 
the amino acids constituting the peptide may b^ made. 

Each of the aforementioned antigens is preferably 
used in the substantially pure state. The quantity of the 
mixture df antigens administered will depend, in part., 
upon the purity of the individual antigens. Thus, for a 
substantially pure form of the P*69 outer membrane 
protein, a dose in the range from about 1-100 
microgrammes/dose typically would be administered ±o a 
human, the actual amount depending on iihe immunogenicity 
of the preparation in humans when applied to mucosal 
surfaces. 

For a substantially pure form of the pertussis 
filamentous haemaglutinin, and the 50KD C fragment of 
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1:etanus iiozin, a typical dose range would be of tbe order 
given above in respect of protein* In a t3^ical 

imsainisation regime employing the cuatigenic preparations 
of the present invention^ the vaccine may be administered 
in several doses (e«g. 1*^4), each dose contain-ftig Initio 
microgrammes of each antigen* The immunisation regime may 
involve Immunisation purely by the mucosal route or by a 
cooibination of mucosal and parenteral immunisation. The 
dosage will in general depend upon the immunogenici-^ of 
the different antigens wh^ ^»plied to the respiratory or 
gastrointestinal tracts of humans. 

The invention will now be illustrated in greater 
detail by reference to the specific embodiments described 
in the following examples* 

The examples are intended to l>e purely illustrative 
of the invention and are not intended to limit itis scope 
in any way. 

BRIEF PESCRIPTION OF THE FIGURES 
Figure 1 illustrates the growth of B. pertussis in the 
lungs of intranasally immunised mice. Mice were immunised 
intranasally with two doses of antigen on day 0 and day 29 
and then aerosol challenged with B. pertussis 14 days later 
(day 43). The counts represent the means of 4 pairs of 
lungs ± SEM« 

Figure 2 illustrates the local immune response in the 
lungs of mice in response to intranasal immunisation and 
challenge. Lymphocytes were purified from the lungs of 
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groups of mice aftier intranasal immonisation and aerosol 
challenge and the number of calls secreting antibody to 
the immunising antigen, was determined by the K.ISPOT 
assay. Counts repres^t the response of lymphocytes 

pooled from 4 mxce* 

Figure 3 illustrates the primary antibody response to 
pertussis antigens in the lungs of mice following aerosol 
challenge* Lymphocytes from Lungs removed 10 days after 
aerosol challenge were assayed, for antibody productiom 
against P69 or FHft« Mice immunised with one atitigen were 
tested against the other antigen. Counts represent the 
response of lymphocytes pooled from groups of 4 mice. 

EXAMPLE 1 PERTUSSIS COMPONENTS 

Mice were immunised with 12>yg of either P. 69, FHA or 
OVA on day 1 and day 29. Mice were then aerosol 
challenged with Bordetella pertussis on day 43 (14d post 
boost} . L^ngs were removed f rom groups of mice at periods 
after challenge, homogenised and viable bacterial counts 
performed to determine the growth of B. pertussis in the 
respiratory tract. The results are shown in Figure 1. 
Bacteria increased in nuinbers in the lungs of control mice 
(OVA) during the first seven days. In contrast jr in both 
P«69 and FHA immunised animals bacterial nunlier declined 
during this period and at the day 7 time point the levels 
of bacteria in the lungs of immunised mice were only 1-4% 
of those in the control group. By day 14 bacteria had 
almost cleared from the lungs of the immunised mice but 
were still present in large nuinbers in the OVA iomunised 
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mice» 

The local immune response in the lungs of mice was 
analysed by enumerating cells secreting antibody against 
FBA, P. 69 or OVA amongst lyji5>hocytes isolated from th^ 
lungs of mice by "ELISPOT". There were low numbers of 
antibody secreting cells (ASC) producing antibody against 
the inmiunising antigens after the second (Figure 2). 
Following aerosol challenge of ASC in the lungs of mice 
immunised with FHA or P-69, but not OVA, increased by 
several orders of magnitude (Figure 2). Cells secreting 
antibody of IgG, IgA and IgM isotypes were detected. 

The increase in ASC following aerosol challenge may 
represent a primary response to the antigens present in 
the challenge organisms or a boost of the response in 
immunised mice. To see which of these options was 
correct, lung lymphocytes were screened against antigens 
which the mice had not encountered until challenge (FHA 
immunised mice were tested against P. 69 etc). AS can be 
seen from Figure 3, the responses were similar in all mice 
and comparisons with the same time point (d23) in Figure 1 
shows that prior intranasal immunisations boost the 
response several fold. 

The serum response was studied using ELISA and the 
results are shown in Table 1 below: 



WQ 93/21950 



-14- 



PCr/GR93/00880 



Table 1. . Serum anti-pertussis an-tibody response of 
intranasa 1 ly immuaised mice 



Days post-immnnisalrion 





a 


20 


24 


Group 


FHA 


p. 69 


FBA 


P. 69 


FHA 


P. 69 


FH& 


<50 


<5Q 


400 


100 


1600 


100 


P. 69 


<5a 


<50 


<50 


200 


200 


400 


OVA 


<so 


<50 


<50 


<50 


100 


200 



* Determined by Elxsa 

^ Mice aerosol challenged d 14 

There were no de1:ec1:able antibodies against FHA of P»69 
prior to aerosol challenge Cd8)« There were no anti-OVA 
antibodies to serum of OVA immunised mice (data not 
shown} • f'ollowing challenge (>dl4> the anti*FBA response 
did exhibit large increase in FHA immunised mice* This 
increase was specific^ the anti-F« 69 response did not 
increase proportionally in these mice^ There was a small 
increase In anti-P.^69 tltre in P. 69 immunised mice 
compared to FHA or P«69 imnninised mice. This demoxistrated 
that previous respiratory exposure to FHA and,, possibly, 
P. 69 can prime the mice to mount an amnestic response 
serum response upon contact with the pathogen. 
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EXAMPLE 2 TETANUS COMPCTIEMT 

Groups of 10 mice were imiminised intiranasally wi-th 
one or two doses of 20pg of C fragment or OVA as a 
control* 28 days after tbe final immunisation mice were 
challenged with SDOLDsq of tetanus toxin and their 
survival monitored for 4 days^ the results are shown in 
Table 2 below. Survival was enhanced in mice receiving 1 
or 2 doses of C fragment compared to the control mice. 
All of the control mice were dead the day after challenge. 
Protection was greatly enhanced by giving 2 doses of C 
fragment, by day 4 post-challenge 80% of the mice in the 2 
dose group were still alive compared to 10% in the mice 
receiving a single dose. 



Table 2. Protection of mice against tetanus toxin 
challenge by I/N immunisation with C fragment 



Group 


Dose 


No of 
Mice 


Survival post-challenge 










Day 










2 


3 4 


5 


1. C-frag 


2C^g 


10 


3 


3 2 


1 


2. C-frag 


2 x 20pg 


10 


10 


8 8 


8 


3. Dva 


2 X 20|ig 


10 


0 


0 0 


0 



SERUM RESPONSE 

The mice receiving 2 doses of C fragment had a mean 
serum anti^C fragment titre of greater than 200 prior to 
challenge. 
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HRTERIALS. Mii> METHODS 

MTPIGENS 

P» 69 was s^tbesised iiitraceilularly in E^ coli and 
purified as described in A.J-Makpff et air Bio/Tecfanology 
8, 1030 (1990). FHa was provided by SKB under and 
exchange of reagents agreement. C fragment wa^ produced 
from E.coli as in A.J.Makoff et al ^ Bio/Technolocry 7, 
1043 £1989 > * Antigens were diluted in PBS immediately 
prior to immunisation. 

IMMUNISATION 

Adult (6-8 weeks} BALB/c mice were anaestbetised with 
metathane. 30pl of antigen solution was added to the 
external nares of mice (15/|l/nares) as they recovered 
consciousness. Antigen was taken into respiratory tract, 
by Inhalation. 

AEROSOI^ CHftliLENGE WITH B, PERTUSSIS 

Mice were placed in cages on a rotating carousel in a 
plastic exposure chamber as describe in P»Novotny et al . 
Development for Biological Standards, 61, 27 91985}. A 
bacterial suspension in PBS was prepared from 2-to 3-day 
old cultures of B. pertussis BBC26 grown on CW blood agar 
plates. The mice were exposed to an aerosol (generated 
from the bact^ial susp^sion) of 2 x 10® Colony- forming 
imits (CPU) in PBS by a Turret mouthpiece ttibing operated 
by a System 22 CR60 high-glow compressor (Medic-Aid) ^ 



Pagham, Hesi: Sussex, UK) giving a very fine mist at a 
dynamic flow of 8.5 litres/min. The generated mist was 
drawn through a chamber by a vacuum pump at a passage of 
ca.l2L of air per mist mixture per min, which maintained 
70% relative humidity in the chamber. The expMure "^lo 
aerosol lasted 30 min; a period of 10 min then allowed the 
chamber to clear. 

The course of the infection was assessed by 
performing coxmts of viable bacteria in lungs. Groups of 
four mice were removed at intervals and killed by cervical 
dislocation, and their lungs were aseptically removed and 
homogenised in a Potter~El veh j em homogenizer with 2ml of 
PBS. Dilutions of the homogenate were spotted onto Cohen- 
Wheeler (CW) blood agar plates and the number of CFO was 
determined for each set of lungs. 
TETJMTIJS CHALLENGE 

Mice were challenged with 500 LDso-« of tetanus toxin 
subcutaneous ly and observed regularly for 5 days. 
ELISA 

Serum anti-P.69, anti-FHA and anti-C fragment 
antibodies were measured using an enzyme-linked 
immunosorbent assay (ELISA). Antigen (50;il; 1 g/ml in 
phosphate-huf fared saline, pH7.2) was absorbed onto 96- 
well microtitre plates (EIA 'Costar' NBL, Northumbria, UK) 
by incubation at 4^C overnight. Wells were aspirated and 
washed three times with PBS containing 0.05% (v/v) Tween 
20 (PBS-T; Sigma) J. and then blocked with 3% (w/v) bovine 
serum albumin (BSA; Sigma) in PBS. After washing, 50^1 of 
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test serum appropriately diluted i» PBS-T-0.1% BSA was 
added per well. After incubation at 37»C for 2h, the 
wells were washed and incubated at room temperature with 
50)/l of substrate (0.04% O-phenylenediamine hydrochloride? 
Sigma) dissolved in phbsphate citrate buffer (pH5V0[24ffi^ 
citrate, 64mM disodium hydrogen phosphate! containing 40^1 
hydrogen peroxide). The reaction was terminated by the 
addition of 50/»l IM sulphuric acid. Plates were read in a 
Titertelt Maltiscan MCC ELlsa reader at 492nm. 

The titre was ea^ressed as the reciprocal of the 
highest dilution of test serum that gave att absorbance 
reading twice that of the similarly diluted pre-bleed 
serum. Absorbance values below 0.1 were discarded. 

ELSIPOT assay for sp ^etfic antibodv secretinrr cells 
fASC) in murine lungs. 

Local antibody production in the murine lung was 
determined using the ELISPOT techniC[ue. Lymphocytes were 
isolated from murine lungs as follows: Lungs were washed 
briefly in PBS to remove traces of blood and then were 
finely chopped with a scalpel blade. 1ml of PBS containing 
lOmM MgCl2, 0.5U/ml collagenase A (Boehrlnger Mannheim, 
Lewes, UK) and 0.25mg/mi DNase 1 (Boehringer) was added 
for each pair of lungs and incubated at 37°C with gentle 
agitation for 45 man. The jniacture was then passed through 
a 40 gauge mesh. Lumps were pressed through the mesh with 
the plunger from a 5ml syringe. The cell suspension was 
placed in a centrifuge tube and allowed to stand for 
several minirtes to allow large debris to settle. The 
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supernatant was removed and the cells were pelleted and 
washed several tines. Red cells and non-viable cells were 
removed by centrifugation on a Ficol-Isopaque gradient, 
(LSM,Flow Laboratories Ltd, Herts, OK). After washing 
cell viability was determined by Trypan Blue ex&lusicriBi.: 
Cells were finally suspaided in RPM11640 conqplete Medium 
(10% foetal calf serum, penicillin lOOIU/ml, streptomycin 
100 g/ml, L-glutamine 2mm; Flow). 

The ELSIPOT assay was performed as follows. Briefly, 
24-well tissue culture plates (Costar) were coated 
overnight with P. 69, FHA or OVA (0.5ml of 1 g.ml in PBA) 
after washing and blocking 0.5ml volumes of dilutions of 
the lymphocyte suspension in complete RPMx 1640 were added 
to the wells and incubated at 37''C/10% CO^ for 3h. After 
washing goat anti-mouse IgG, A or M (1/1000, Sigma) and 
rabbit anti-goat IgG-allsaline phosphatase (1/1000, Sigma) 
were added sequentially. Finally, substrate solution C0.5>i 
1 of Img/ml 5-bromo-4-chloro-3-indolyl phosphate (BCIP) in 
2-amino-2-methyl-l,3-propanediol (AMP) buffer, Sigma) was 
added and plates were incubated until blue spots were 
visible under low power microscopy. 
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CLAIMS 

1 The use of an antigea, Cbereinafter referred to as 
"(a)*'), which is a macosally iamiBiMjgeiiically active 
substance comprising the 50kD C fragment of tetanus, 
toxin, an immunogenic fragment thereof, or a 
derivative thereof formed by amino acid deletion, 
substitution or insertion for the manufacture of a 
vaccine composition for aanintstration to a mucosal 
surface to iziduce an inmqne response in the mucosal 
surface against tetanus infection. 

2 The use according to Cieim 1 wherein the vaccine 
composition further comprisest 

(b) a mucosally immunogenically active substance comprising 
the P. 69 outer membrane protein of B. pertussis; an 
immanogenic fragment therebf , or a derivative thereof formed 
by amino acid deletion, sfubstitaition or insertion. 

.3 The use according to Claim 1 or Claim 2 wherein the 
vaccine composition further coii?>risesi 

(c) e mucosally immunogenically active substance comprising 
B. pertussis filamentous haemaglutinin, an immunogenic 
fragment thereof, or a derivative thereof formed by amino 
acid deletion, substitution or insertion. 

4. The use according to any one of Claims 1 to 3 wherein 
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tbe vaccine composition is for administration to 

the respiratory i^.g- nasal or bronchial), or 

gastrointestinal mucosa. 

5. A vaccine con^iosition in a form suitable for 
application to a mucosal surface, the 
composition comprising the mucosally immunogenically 
active substance (a) as defined in Claim 1, and 
optionally the substance (b) and/or the substance (c) 
as defined in Claim 2 and Claim 3; and 

(d) a pharmaceutically acceptable carrier therefor^ 

6. A vaccine composition according to Claim 5 which is adapted 
for delivery to the respiratory (e.g- nasal or 
bronchial) mucosa or gastrointestinal mucosa. 

7. A vaccine composition according to Claim 6 in the 
form of a solution for administration as a nasal 
spray or nasal drops. 

8. A vaccine composition according to Claim 7 in the 
form of nasal drops, said composition con^rising 
means for administering drops to the nasal mucosa. 



9. 



A vaccine composition according to Claim 6 wherein 
the antigens axB encased in a protective coating to 
prevent degradation by the gastric juices. 
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10. A vaccine coB»po8ition accoraind to Clai» 5 which is 
in the form of luibrospheres or a tablet or capsule 
coated with, or coinprising a matrix foxined from, a 
protective polymeric substance, ^ .,W v 

11. . A method of immunising a host such as a mammal 
against tetanus and B-t»ertnSsis infection, which 
method comprises administering directly to a mucosal 
surface of said host,, in an amount effective to 
induce an immune response la said surface, a vaccine 
conqposition conprisings 

(a) a mucosally immunogenlcally active substance comprising 
the SOkD C fragment Of tetanus toxin, an immunogenic 
fragment thereof , or a derivative thereof formed by amino 
acid deletion, substitution or insertion; and 
(d) a pharittaceutically acceptable carrier- 

.12. A method according to Claim 11 wherein the vaccine 
composition further comprises: 

(b> an antigen which is a mucosally immunogenically active 
substance comprising tha ?.69 outer membrane protein of 
B.pertussis ; an immunogenic fragment thereof, or a 
derivative thereof formed by amino acid . deletion, 
substitution or insertion- 



13. A method according to Claim 11 or Claim 12 wherein 
the vaccine composition further comprises: 
CO a mucosally immunogenically active substance comprising 
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B. pertussis f ilaaentDUS haemaglutinin, an immunogenic 
fragment thereof, or a derivative thereof formed by aoiino 
acid deletion, substitution or insertion. 

14 • A method according to any one of Claims 11 to 13 
wherexa the antigen or mixture of antigens is 
administered directly to the respiratory (a»g. nasal 
or bronchial) mucosa or gastrointestinal mucosa. 

15. A method according to Claim 14 wherein the antigen or 
mixture of antigens is administered in the form of 
nasal drops, or a nasal spray or dry powder for 
inhalation." 

16. A method according to Claim 14 wherein the antigen or 
mixture of antigens is administered orally as a 
composition in which each antigen is provided with a 
protective coating to prevent degradation by the 
gastric juices. 

17. The use according to any one of Claims 1 to 4 wherein 
the vaccine composition contains, in addition to the 
antigens (a), (b) and (c) as appropriate, optionally 
a non-toxic immunogenic form of tetanus toxin, and/or 
a further antigen or antigens selected from a non- 
toxic mucosally immunogenic form of diphtheria toxin 
and Haemophilus influenzae group B polysaccharide. 



wo 93/21950 



-24 



PCr/CrB93^880 



18. A vaccine coaiposltioa according to any one of CXaimd 
5 to 10 which contains, in adaition to the antigens 
(a), (b) and (c) as appropriate, optionally a non- 
toxic immmogenic'fonit of tetanus toxin, anS/or a k, t . 
fnrtii^ antigen or atxtigens selected from a non-te«ic 
nucosally immunogenic form of diphtheria toxin end 
Haemophilus influenzae gxaaip B polysaccharide. 

ig. A method according to any one of Claims 11 to 16 

wherein there is administered to the mucosal surface, 
a vaccine con^ositicMi whidh contains, in addition to 
the antigens (a), (b) and (c) as appropriate, 
optionally a non-toxic immunogenic form of tetanus 
t(sin« and/or a further antigen or antigens selected 
from a non-toxic mucosally immunogenic . form of 
diphtheriatoxin and Haemophil us influenzae group B 
polysaccharide. 
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